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,QWURGXFWLRQ)RRWEULGJHVWUXFWXUH
7RFURVVWKH6RPHú5LYHULQ&OXM1DSRFDFLW\DQHZIRRWEULGJHKDVEHHQGHVLJQHGWRUHSODFHWKHROGRQHXVLQJD
VROXWLRQRIFRPSRVLWHVWHHOFRQFUHWHER[JLUGHU
7KHJLUGHUKDVDVSDQRIPDZLGWKRIPZKLFKLQFOXGHVWZRODWHUDOSHGHVWULDQZD\VRIPZLGWKDQGD
FHQWUDOF\FOHZD\RIPZLGWK)LJ>@


)LJ3HGHVWULDQEULGJHFURVVVHFWLRQ
7DNLQJLQWRDFFRXQWWKHDUFKLWHFWXUDOUHDVRQVWKHER[JLUGHUGHSWKLVVPDOOZLWKDQDSSUR[LPDWHYDOXHRI/DQG
LWLVIDEULFDWHGZLWKDQRSSRVLWHGHIOHFWLRQRIP)LJ>@



)LJ(OHYDWLRQSODQYLHZDQG'UHQGHULQJRIWKHIRRWEULGJH
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
7KHVWHHOER[JLUGHULVPDGHXSRIVHJPHQWVZKLFKKDYHWKHERWWRPIODQJHWKLFNQHVVRIXSWRPPWKHWRS
IODQJHWKLFNQHVVLVEHWZHHQDQGPPWKHLQFOLQHGZHEVRIPPDQGWUDQVYHUVDODQGD[LDOORQJLWXGLQDOEUDFLQJV
DUHLQFOXGHG
7KHVWHHOJUDGHLV60DQGWKHVODELVRI&ODVV&

1RPHQFODWXUH
İFV ILQDOGHIRUPDWLRQGXHWRVKULQNDJH
İFG GHIRUPDWLRQGXHWRVKULQNDJHLQWLPH
İFD GHIRUPDWLRQGXHWRLQLWLDOHODVWLFVKULQNDJH
$FWLRQV'HVLJQSUREOHPV
7KHVXSHUVWUXFWXUHGHVLJQKDVEHHQPDGHIRUXOWLPDWHOLPLWVWDWH8/6DQGVHUYLFHDELOLW\OLPLWVWDWH6/67KH
FRPSRVLWHVWUXFWXUHLVRI7<3(,,DQGLQWHUPHGLDWHSURYLVLRQDOVXSSRUWVKDYHEHHQXVHGGXULQJFRQFUHWHFDVWLQJ>
@7KHPHFKDQLFDOFKDUDFWHULVWLFVIRUHDFKVHJPHQWDQGFRQVWUXFWLRQVWDJHZHUHHYDOXDWHGDQGWKHHODVWLFDQDO\VLVKDV
EHHQSHUIRUPHG
7KHGHVLJQSKDVHVDUHDVIROORZV
2.1. Phase 1: Construction stage - Static continuous girder (with intermediate supports) 
6HOIZHLJKWRIWKHVWHHOER[JLUGHU DJ  >   @ N1P 
6HOIZHLJKWRIWKHZHWVODEFRQFUHWH  FJ  Ȗî9 Ȗî$î  N1P îî P   N1P 
&RQVWUXFWLRQDFWLRQV F FNT  T î%  N1P î P  N1P 
9HUWLFDOZLQGDFWLRQ65(1 Z]T  N1P 
2.2. Phase 2: Composite action - Simply supported girder with span of 54.0 m 
$ /RQJWHUPDFWLRQV
9HUWLFDOUHDFWLRQVLQSURYLVLRQDOVXSSRUWV5 N15 N15 N1
'HFNK\GURLVRODWLRQEDOXVWHUVJ N1P
&RQFUHWHVKULQNDJH)URPWKHFRQFUHWHVKULQNDJHUHVXOWHG
6WUDLQV FGİ  î 

FVİ  î 
&RPSUHVVLRQIRUFHLQFRQFUHWHVODE FV FV  / FP FGDOD1  İ îQ  Q ( î$   N1× 
%HQGLQJPRPHQW FV FV FOW0  1 î]    N1P 

% 6KRUWWHUPDFWLRQV
7KHDFWLRQJURXSJUDQGJUJLYHQLQ65(1>@KDYHEHHQFRQVLGHUHG
3HGHVWULDQORDGLQJJU
• YHUWLFDODFWLRQ I INT  T î%  N1P î P  N1P 
• KRUL]RQWDOORQJLWXGLQDODFWLRQ ION I4  îT î/ îî  N1 
$FFLGHQWDOYHKLFOHORDGLQJJU
• YHUWLFDODFWLRQ VHUY4   N1 
• KRUL]RQWDOORQJLWXGLQDODFWLRQ ION VHUY4  î4  î  N1 

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:LQGDFWLRQ65(1 Z]T  N1P
7KHUPDODFWLRQV(1>@  Į î JUDG  Rǻ7  &  ǻ7İ  Įîǻ7 î 
&RPSUHVVLRQIRUFHLQFRQFUHWHVODE Fǻ7 ǻ7 FP FGDOD1  İ î( î$    N1 
%HQGLQJPRPHQW ǻ7 Fǻ7 FVW0  1 î]    N1îP 

7KHFRPELQDWLRQRIDFWLRQVKDVEHHQPDGHXVLQJWKHGHVLJQYDOXHVRIDFWLRQVDQGWKHUHFRPPHQGHGIDFWRUVIRU
DFWLRQVFRPELQDWLRQDFFRUGLQJWR65(1>@DQG65(1>@UHODWLYHWRSHGHVWULDQEULGJHV

7KHIROORZLQJ8/6YHULILFDWLRQVKDYHEHHQSHUIRUPHG
• UHVLVWDQFHWREHQGLQJDQGD[LDOFRPSUHVVLRQ
• UHVLVWDQFHRIZHEWRVKHDUEXFNOLQJ
• UHVLVWDQFHRIORQJLWXGLQDODQGWUDQVYHUVDOVWLIIHQHUV
• UHVLVWDQFHRIVXSSRUWGLDSKUDJP
7KH6/6YHULILFDWLRQVLQFOXGHG>@
• YHUWLFDOGHIOHFWLRQRIWKHJLUGHU
• YHULILFDWLRQRIWKHSHGHVWULDQFRPIRUWFULWHULD
• DFFHOHUDWLRQVDQGIUHTXHQFLHVIRUYHUWLFDOYLEUDWLRQV
$FFRUGLQJWR(XURFRGHDSSURDFK>@WKHIROORZLQJVWUHVVHVLQWKHFRPSRVLWHVWHHOFRQFUHWHER[JLUGHUUHVXOWHG
• LQVWHHOERWWRPIODQJH  DLQI \ı   1PP I   1PP WRSIODQJH
 
DVXS \ı   1PP I   1PP 
• ,QFRQFUHWH FVXS FN Fı   03DîI Ȗ   03D 
7KHYHUWLFDOGHIOHFWLRQVRIWKHVWUXFWXUHDUH
• Jį   PP / IURPSHUPDQHQWDFWLRQV
• Sį   PP // IURPYDULDEOHDFWLRQV
6SHFLDOGHVLJQSUREOHPV
3.1. Effective width of the tension flange. Shear lag at the ultimate limit state 
$FFRUGLQJWR65(1>@DWWKHXOWLPDWHOLPLWVWDWHVVKHDUODJHIIHFWVPD\EHGHWHUPLQHGDVIROORZV
• HODVWLFVKHDUODJHIIHFWVDVGHWHUPLQHGIRUVHUYLFHDELOLW\DQGIDWLJXHOLPLWVWDWHV
• FRPELQHGHIIHFWVRIVKHDUODJDQGRISODWHEXFNOLQJ
• HODVWLFSODVWLFVKHDUODJHIIHFWVDOORZLQJIRUOLPLWHGSODVWLFVWUDLQV
8QOHVVVSHFLILHGRWKHUZLVHWKHODVWPHWKRGLVUHFRPPHQGHG(ODVWLFSODVWLFVKHDUODJHIIHFWVDOORZLQJIRUOLPLWHG
SODVWLFVWUDLQVPD\EHWDNHQLQWRDFFRXQWXVLQJ$HIIDVIROORZV
 eff c eff c effA A A
κβ β= ⋅ ≥ ⋅   
7KLVUHODWLRQFDQEHDSSOLHGIRUIODQJHLQWHQVLRQLQZKLFKFDVH$FHIIVKRXOGEHUHSODFHGE\WKHJURVVDUHDRIWKH
WHQVLRQIODQJH
7RUHGXFHWKHHIIHFWRIWKHYHUWLFDOUHVXOWDQWRIWKHWHQVLRQLQWKHERWWRPIODQJHDWWKH]RQHVRIWKHVHJPHQWMRLQWV
WKHVROXWLRQZLWKDVPDOOQXPEHURIVWURQJORQJLWXGLQDOVWLIIHQHUVKDVEHHQDGRSWHG)LJIRUWKHFHQWUDOVHJPHQW
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,WLVREWDLQHG   k effA Aβ = = ≈  = ,WFDQEHQRWLFHGWKDWWKH
HQWLUHVHFWLRQRIWKHERWWRPIODQJHLVHIIHFWLYH

)LJ%RWWRPIODQJHIRUWKHFHQWUDOVHJPHQW
,Q)LJWKHVWUHVVHVGLVWULEXWLRQRQWKHERWWRPIODQJHZLGWKIRUȕ!LVSUHVHQWHG


)LJ6KHDUODJHIIHFWLQWHQVLRQIODQJH
7KHVWUHVVDWWKHPLGGOHRIWKHIODQJHLV       σ β σ σ= × × = × 
3.2. Concrete shrinkage stresses 
&RQFUHWHVKULQNDJHVWUDLQİFLVHYDOXDWHGDFFRUGLQJWR(1>@DQGWKHVWUDLQİFVLVJLYHQE\WKHUHODWLRQ
cs cd caε ε ε= +   
7KHFRQFUHWHPRGXOXVRIHODVWLFLW\LV
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o
c cm
S
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E E
n
=   
7KHHTXLYDOHQFHFRHIILFLHQWQ6IRUWKHHIIHFWRIVKULQNDJHLVDVVHVVHGZLWKWKHUHODWLRQVKLS>@
       S Ln n n t tϕΨ== = ⋅ + ⋅ ,        c t tt tϕ ϕ β= ⋅  
7KHFRPSRVLWHVWHHOFRQFUHWHFURVVVHFWLRQZLOOEHORDGHGE\
P F F F F1   1  İ î( î$ &RPSUHVVLRQIRUFH
P P FP0  1 î] %HQGLQJPRPHQW
7KHFDOFXOXVVFKHPHRIWKHLQWHUQDOVWUHVVHVLVSUHVHQWHGLQ)LJ>@

)LJ'HYHORSPHQWRIVWUHVVHVGXHWRFRQFUHWHVKULQNDJH
3.3. Stresses induced by the vertical component of temperature difference 
:KHQWKHVODELVFROGHUWKDQWKHORZHUSDUWRIWKHFURVVVHFWLRQWKHVODEKDVDVKRUWHQLQJWHQGHQF\DQGWKHVWUHVVHV
GHYHORSHGDUHVLPLODUWRWKRVHSURGXFHGE\FRQFUHWHVKULQNDJHUHVSHFWLYHO\VWUHVVHVZLWKDQRSSRVLWHVLJQZKHQWKH
VODEKDVDKLJKHUWHPSHUDWXUH
/RDGLQJDULVLQJIURPWHPSHUDWXUHLVUHJDUGHGDVDVKRUWWHUPORDGWKHFDOFXOXVVHFWLRQEHLQJGHILQHGZLWKWKHKHOS
RIWKHFRHIILFLHQWRIHTXLYDOHQFHIRUVKRUWWHUPORDGLQJVWKDWLVWKHHTXLYDOHQFHFRHIILFLHQWQ
7KHVWUDLQIURPWKHWHPSHUDWXUHYDULDWLRQLV
c T T MTε αΔ = ⋅Δ   
:KHUHĮ7 [&WKHWKHUPDOGLODWDWLRQFRHIILFLHQWRIWKHFRQFUHWHDQGVWHHOLQWKHVWHHOFRQFUHWHFRPSRVLWH
VWUXFWXUHV65(1$QQH[&7DEOH&>@
7KHD[LDOIRUFHSURGXFHGLQWKHFRQFUHWHVODEZLOOEH
  c T m T c T cm cN N E AεΔ Δ Δ= − = − ⋅ ⋅   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7KHFDOFXOXVVFKHPHRIWKHLQWHUQDOVWUHVVHVLQGXFHGE\WKHYHUWLFDOFRPSRQHQWRIWKHWHPSHUDWXUHGLIIHUHQFHLV
SUHVHQWHGLQ)LJ

)LJ'HYHORSPHQWRIVWUHVVHVGXHWRWKHUPDOHIIHFW
3.4. Dynamic analysis and the comfort level 
$FFRUGLQJWR(1(&±$QQH[$>@WKHUHFRPPHQGHGPD[LPXPDFFHOHUDWLRQDUHDVIROORZV
• PV±IRUYHUWLFDOYLEUDWLRQV
• PV±IRUKRUL]RQWDOYLEUDWLRQV
• PV±IRUGHQVHFURZGVLWXDWLRQ
7KHFRPIRUWFULWHULDKDYHWREHFKHFNHGLIWKHIXQGDPHQWDOIUHTXHQFLHVRIWKHVWUXFWXUHDUHOHVVWKDQWKHIROORZLQJ
YDOXHV+]±IRUYHUWLFDOYLEUDWLRQVDQG+]±IRUKRUL]RQWDODQGWRUVLRQDOYLEUDWLRQV
,QFDVHWKDWWKHFULWHULDRIWKHOLPLWLQJDFFHOHUDWLRQVDUHQRWIXOILOOHGWKHPHDVXUHVWRLPSURYHWKHG\QDPLFEHKDYLRU
KDYHWREHDQDO\]HG>@
$FFRUGLQJWR>@IRXUUDQJHVIRUYHUWLFDODQGKRUL]RQWDODFFHOHUDWLRQVUHVSHFWLYHO\DUHGHILQHGDQGLQDVFHQGLQJ
RUGHUWKHVHFRUUHVSRQGWRPD[LPXPPHDQPLQLPXPDQGQRWDFFHSWDEOHFRPIRUWOHYHOV)LJ


)LJ$FFHOHUDWLRQIRUYHUWLFDODQGKRUL]RQWDOYLEUDWLRQV
,QDVLPLODUZD\WKHUDQJHVLQZKLFKWKHYHUWLFDODQGKRUL]RQWDOIUHTXHQFLHVDUHVLWXDWHGPDNHLWSRVVLEOHWRDVVHVV
WKHULVNRIUHVRQDQFHHQWDLOHGE\SHGHVWULDQWUDIILF)LJZKHUHWKHIRXUUDQJHVDUHGHILQHGDVIROORZV>@
• 5DQJHPD[LPXPULVNRIUHVRQDQFH
• 5DQJHPHGLXPULVNRIUHVRQDQFH
• 5DQJHORZULVNRIUHVRQDQFH
• 5DQJHQHJOLJLEOHULVNRIUHVRQDQFH
7KHIROORZLQJDFFHOHUDWLRQVRIWKHIRRWEULGJHZHUHREWDLQHG
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• PD[LPXPDFFHOHUDWLRQIRUORDGHGIRRWEULGJHDFF 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
)LJ5DQJH
7KHDFFHOHUDWLRQVRIWKHV\VWHPDUHVLWXDWHGLQWKHUDQJHVRIPD[LPXPPHGLXPFRPIRUW
7KHIUHTXHQFLHVIRU0RGHDUH+LJKERQGIUHTXHQF\I +]/RZERQGIUHTXHQF\I +]
7KHIUHTXHQFLHVIRU0RGHDUH+LJKERQGIUHTXHQF\I +]/RZERQGIUHTXHQF\I +]
,WFDQEHQRWLFHGWKDWWKHIUHTXHQFLHVIRUWKH0RGHDUHVLWXDWHGLQWKH5DQJHPHGLXPULVNRIUHVRQDQFHDQGWKH
IUHTXHQFLHVIRUWKH0RGHDUHVLWXDWHGLQWKH5DQJHORZULVNRIUHVRQDQFH
,QRUGHUWRREWDLQDIUHTXHQF\VLWXDWHGLQ5DQJHQHJOLJLEOHULVNRIUHVRQDQFH  I +] VDX I  +]≤ ≥ DPXFK
ORZHUULJLGLW\RIWKHVWUXFWXUHRUDPXFKKLJKHUULJLGLW\LVQHFHVVDU\RUWKHXVHRIGDPSHUV
&RQFOXVLRQVDQGUHPDUNV
:HFRQVLGHUWKDWWKHSURMHFWRIWKHIRRWEULGJHFURVVLQJRYHUWKH6RPHú5LYHULQ&OXM1DSRFDVDWLVILHVWKHLPSRVHG
FRQGLWLRQVIRUWKHSHGHVWULDQWUDIILFFRPIRUWDQGLWDOVRIXOILOOV WKHDUFKLWHFWXUDOUHTXLUHPHQWVIRU WKHHPSODFHPHQW
XUEDQ]RQH
7KHSKHQRPHQDRI FUHHS DQG VKULQNDJH LQIOXHQFH WKH FRQFUHWH VODEEHKDYLRU DQG OHDGV WR WKH UHGLVWULEXWLRQRI
VWUHVVHV LQVLGH WKH FURVV VHFWLRQ 7KH UHGLVWULEXWLRQ RI VWUHVVHV OHDGV WR FRQFUHWH GLVFKDUJH DQG LQFUHDVH RI VWHHO
WHQVLRQLQJLQWKHFRPSUHVVHGDUHD&DOFXODWLRQVVKRZWKDWDERXWRIWKHGHIRUPDWLRQWDNHVSODFHE\GU\LQJDQG
DERXWGXULQJFRQFUHWHFXULQJSHULRG
7KHVODEGHIRUPDWLRQFDOFXODWHGIRUWKHLQILQLWHWLPHLVXVHGLQFRPELQDWLRQVRIDFWLRQVGXULQJFRPSRVLWHJLUGHU
FKHFN7KHYDULDWLRQRIWKHWHPSHUDWXUHILHOGDORQJWKHGHSWKRIWKHFRPSRVLWHJLUGHUFURVVVHFWLRQPRGLILHVWKHLQWHUQDO
VWDWHRIVWUHVVHVERWKLQWKHFRQFUHWHVODEDQGLQWKHVWHHOSDUW7KHVWUHVVHVRYHUODSWKRVHSURGXFHGIURPSHUPDQHQW
DQGOLYHORDGVKDYLQJDQLPSRUWDQWHIIHFWXSRQWKHRYHUDOOVWDWHRIVWUHVVHV7KHVWUHVVHVSURGXFHGIURPWKHGLIIHUHQFH
RIWHPSHUDWXUHEHWZHHQWKHWZRHQGIDFHVRIWKHVHFWLRQKDYHKLJKYDOXHVZLWKPD[LPXPYDOXHVRIIURPWKH
VWUHQJWKRIWKHPDWHULDOVLQXVHVWHHODQGFRQFUHWH
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